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entre les coefficients des diverses inegalites lunaires donnes par, 
ces deux geom&tres et ceux qui se deduisent de notre theorie, 
se rMuisent en definitive k un petit nombre de termes sans 
importance par leur valeur numerique, et qu’on ferait du reste 
aisement disparaitre, soit en reprenant les calculs de M. Plana, 
ce qui est facile puis qu’il en a donn6 tout le detail dans son 
ouvrage, soit que M. Delaunay se decide lui-m&me a revoir 
quelques uns de ses r£sultats avant de les livrer k l’impression. 
Quoiqu’il en soit, on peut regarder comme un fait tr&s important 
dans la th£orie du systeme du monde, que cette coincidence 
h-peu-pr&s complete des formules litterales qui determinent la' 
longitude , la latitude , et le rayon vecteur de la Lune, obtenues 
par trois methodes absolument difffirentes et en portant l’ap- 
proximation aussi loin que la pratique pouvait l’exiger. Ce 
r6sultat que les g6om£tres du dernier si&cle n’avaient ose esp^rer, 
doit puissamment contribuer au perfectionnement des tables 
lunaires, et donner k leur construction toute la precision qu’ont 
acquise nos autres tables astronomiques. 


Further Observations on Solar Spots . 

By tbe Rev, F. Howlett. 

It is with much pleasure that I submit to the indulgent 
attention of the Royal Astronomical Society a further account 
of observations of the Solar Spots ; begging the Society to 
accept also the fruits, whatever they may be worth, of about 
eighteen months’ additional honest endeavours to depict certain 
of those interesting phenomena which still continue to perplex 
the astronomical world, strongly prepossessed though some ob¬ 
servers may be as to the theory of their character and import. 

I have now the honour of laying before the Society a fur¬ 
ther series of drawings contained in about 64 sheets, com¬ 
prising, first, some 128 whole disks on a scale throughout 
somewhat smaller than that usually employed hitherto by helio¬ 
photographers, and giving about 1 inch to 9' 37" of arc. The 
sheets exhibit, also, secondly, several hundreds of drawings of 
spots and groups of spots, on a scale varying from 1 inch to 
about 115", to the considerably larger scale of 1 inch to 62"; 
which last is, perhaps, as convenient and instructive a size as 
could well be adopted for representing the details of the solar 
phenomena generally, in a daily record. 

As I stated at our Monthly Meeting in December 1862, the 
amplification last mentioned may be-readily and very effectively 
obtained by projecting the Sun’s image in a duly darkened 
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chamber, upon a cardboard or other screen, placed 4 ft. 2 inches 
from the eye-piece of a telescope (of 3 feet 8 inches focal length 
and 3f inches aperture), the eye-piece magnifying about 80 
times linear, and containing a kind of micrometer, or divided- 
glass-diaphragm, ruled off into T ^ths of an inch, each of the 
divisions of which is also seen distinctly projected upon the 
screen, and may be brought to correspond exactly with the 
several half-inches of a foot-rule carefully drawn upon the 
screen in ink. 

By the above adjustment every ^th of an inch would, of 
course, represent about 4^ of arc upon the projected solar disk. 

When an eye-piece of 130 is employed, and the distance of 
the screen therefrom is adjusted to 3 feet 8 inches, every -^th 
of an inch represents 2" of arc only; which amplification is 
likewise attainable by employing a power of 120, and removing 
the screen to a distance of 5 feet 6 inches. 

I have not yet estimated the value of still higher powers in 
connexion with the screen, though I occasionally scrutinise the 
spots by their aid. 

A circle of about 18 inches in diameter, marked , off into 
360 degrees, is also drawn upon the screen, and a plumb- 
line hangs before it in order to insure the perpendicularity 
of the line joining the degrees o° and 180° (or any other line 
parallel thereto), which represents the zenith and nadir points, 
for the time being, of the projected solar image. 

When the screen is nicely and squarely adjusted (on an 
easel or otherwise) before the telescope, a fiducial line showing 
the. course that is being pursued by a spot at any given hour 
across the disk, may be very approximately obtained by ob¬ 
serving at what degree any spot enters, and at what degree also 
it quits, the circle, and referring this line, at leisure, by a paral¬ 
lel-ruler to the centre of the small drawing of the solar disk for 
the day; upon which drawing, however, the positions of the 
spots should be carefully dotted down immediately after 
noticing the course pursued by any one of them across the 
screen. The details of nuclei and penumbras, &c. may of 
course then be drawn more leisurely. But a better plan is 
to throw any small, neatly defined spot precisely upon the 
central point of the circle on the screen, and observe where 
it cuts the circumference, which at once (not reckoning, how¬ 
ever, the reversion of the image) gives the radial half of the 
fiducial line traversed by the spot. Despatch in noting down 
the positions of the spots is the more imperative the nearer 
it may be to the hour of noon that the observation is made; 
whilst at about an hour and a half after 6 a.m. and the 
same time before 6 p.m., the positions may be taken very deli¬ 
berately— the line of junction of any two spots appearing then 
to be nearly stationary—though this line would be seen to 
retrograde before 6 a.m. and after 6 p.m. Indeed, since this 
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paper was commenced, I have been assured by an observer,*' 
who informs me that he went in the year 1861 to high northern 
latitudes with the view of taking notes in connexion with 
astronomical subjects (chiefly solar), that he has, when within 
the Arctic Circle, actually seen this retrogradation going on 
during the whole period between 6 p.m. and 6 a.m.: the rate 
of retrogradation increasing or diminishing according as the 
hour was nearer to or further from the period sometimes called 
the “ midnight sun.” (See also the subject alluded to in the 
Monthly Notices, vol. xxi. No. 2, page 50, for December 14th, 
i860.) 

My observations, and some also of my drawings of the very 
conspicuous group of Solar Spots which passed off the disk on 
the evening of the 4th August* 1862, have already been ho¬ 
noured with a place in the Monthly Notices (vol. xxiii. No. 3), 
and the only reasons why I would wish to allude to them again 
on this occasion are these:—In the woodcut, fig. 6, p. 113, 
owing to some mistake, an actual notch in the Sun’s normal or 
average margin is represented in the figure; whereas, in point 
of fact (and this is a very important difference), what I observed 
and described was only a notch caused, apparently, by an 
abnormal heaping up of facular photospheric matter to the 
north and south of the position occupied by the notch P. 

Then, again, I must beg permission to demur to a statement 
made by Herrn Spoerer in their elaborate and careful paper in 
the AstronomischeNachrichten (No. 1402, column 147), wherein 
they assert that by mid-day on August 4th, 1862, the penumbra 
of the large spot (numbered by them 79f) ‘‘extended to the 
Sun’s extreme edge.” Whereas, owing in part probably to the 
very serene state of the atmosphere at my station of observa¬ 
tion, I was enabled, at the hour above mentioned, to discern an 
unbroken streak of photosphere between the western edge of* 
the penumbra and the Sun’s limb; and as latq even as 3.50 p.m. 
to estimate the breadth of this streak at about 2". 

By 6 p.m. indeed, and possibly at an earlier period, I ob¬ 
served that the nucleus of the great spot (79 of Prof. Spoerer, 
and £, August 4th, in my record) had entirely disappeared, 
portions of penumbral matter, however, reaching completely to 
the Sun’s extreme margin: and this has been the only occasion 
on which I could positively assert that I have seen the penum¬ 
bral matter on the very edge: of the Sun, with the exception of 
the interesting group $r, which appeared upon the disk on the 
morning of February 18th, 1863, and included many patches 

* Mr. J. Macnider, of No* 10 Norfolk Street, Strand. 

f The diameter of this spot is reckoned by Prof. Spoerer at 4140 geo¬ 
graphical miles, which space on the solar surface would subtend an &ngle of 
little more than 9", whereas it was really at least 85" in diameter when seen 
about the middle of the disk, as on July 29th, which is equivalent to fully 
38,000 geographical miles. 
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©f penumbra, and several strongly marked faculas, and to which 
I shall have occasion to allude again in the present paper. 

The usual preponderance of spots in the northern hemi¬ 
sphere has been as apparent as ever during the eighteen months 
last past. Out of the 128 disks now on the table it may, I 
think, be shown that a northern preponderance obtained on 80 
days, a southern on 43, whilst on the remaining 5 days the 
spots were distributed pretty equally (more particularly as 
regards their energy) on each side of the Solar equator. 
Spots prevailed in the northern hemisphere during the whole of 
November and Deceihber 1861, as also during the whole of 
January, and first half of February 1862. My observations 
were suspended until about April 12th, 1862, when the spots 
were likewise in force in the north. They then went on alter¬ 
nating with tolerable impartiality (so far as I observed them) 
till about the last week in July 1862, when the northern pre¬ 
ponderance was again apparent till the middle of Aqgust. 
During the whole of September, however, the south was chiefly 
in activity. For the first half of October the north again had 
the advantage; but during the next seven weeks I was unable 
to continue my record, having been absent from England j 
though^ on my return home in the first week of December 
1862, I found that the north was once more in the ascendant, 
and so it continued till about January 12th, 1863. Southern 
spots then prevailed till about February 18th. They then 
alternated (or seemed nearly evenly distributed at times) till 
March 17, after which northern spots maintained their ground 
till April 7th. The south then showed a superiority for about 
a week or so, then the north for a fortnight, and then the 
south once more resumed the preponderance, which it conti¬ 
nued to hold up to May 19th, 1863, when the northern spots, 
though sufficiently important, were far excelled in interest and 
number by the southern ones; after which the northern spots 
altogether predominated till the end of May 1863. As, how¬ 
ever, it is by no means an easy matter to determine always 
the precise line of the Sun’s equator or of his parallels of 
latitude, I offer certain of the above particulars subject to 
correction. 

During the past eighteen months the only day on 'which 
the Sun was observed by me to be devoid altogether of spots 
was the 9th April of the present year. I did not, however, 
scrutinise the disk very closely on the day in question, and 
certainly a small nucleated spot was visible on the 10th, about 
one minute from the Sun’s preceding limb, and possibly, there¬ 
fore, it may have been in existence on the day previous. 

As a general rule spots have been tolerably plentiful on 
most days ever since the year of their estimated maximum in 
1859; and their minimum period must not be expected before 
1865 or 1866; reckoning, that is, from data collected by M. 
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Wolf, of Berne, and cited by Sir John Herschel in his Outlined 
of Astronomy (Ed. 1858), section 394®. 

There is a peculiar curvilinear arrangement of minute spots 
and patches of penumbrae, generally concentric, with a larger 
nucleated spot or group of spots, which I have not unfrequently 
noticed; and which, as well also as a highly interesting double, 
or sigmatoid curve, assumed sometimes by the little subordinate 
spots and patches, would seem to bear strongly upon the theory 
of cyclones upon the Sun’s surface. These phenomena are 
recorded in sheets 73, April 30th, and 77, June 4th, 1862; 
in 99, Feb. 16th; no, April 19th; hi, April 21st; and 115, 
May nth, 13th, and 15th, 1863. 

By the use of the screen I have obtained a far better 
insight than I could otherwise have had into the appearances 
and general disposition of those remarkable solar phenomena, 
the Faculae. As is well known, these rarely or never occur in 
either high northern or southern latitudes, though they abound 
commonly in the zones occupied by the spots. Their forms 
are very varied, and often very fantastic. Sometimes they 
exist as small amorphous patches; sometimes they are stellate; 
at other times they assume a kind of reticulated or anasto¬ 
mosing appearance, or (as Profs. Spoerer observe) that of the 
circular lunar craters. Not unfrequently I have noticed them 
closely resembling the “ merry-thought” of a bird, or even : 
grotesque attenuated human figures. These appearances may 
be noted in the order in which they are mentioned in sheets 
106, 122, 107, 109, 108, 114, &c. 

The Faculae are not only to be seen when near to the 
eastern or western limb of the Sun, but often also when quite 
on the central portions of the disk, where, if I interpret rightly 
certain appearances frequently presented on the screen, their 
existence may, amongst other forms which they are apt to as¬ 
sume, be detected as narrow, irregular, faintly luminous border- 
ings, from about 4" to 8" in width, immediately surrounding 
some , though not all of the larger spots; and this luminosity 
appeared to me to be caused by an extra thickening of the photo- 
spheric matter by which the spots are surrounded, and by the 
absence, as a natural consequence, of that peculiar porous, 
Curdled, and comparatively dusky appearance (caused in all 
probability by the interstices between the so-called “ willow- 
leaves,” or perhaps small aggregations of the willow-leaves of 
Mr. Nasmyth) which characterises the whole of the solar surface 
not actually occupied by the spots or faculse. Moreover, I do 
not think that the faint borderings round the spots above 
alluded to are the effect of any instrumental or optical illusion, 
as I at first rather suspected. 

A representation of their general appearance may be seen 
in sheet 99 of my record, under date Feb. 16th, 1863. 

• There is another point which may perhaps have been 
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noticed by other observers, but which I think well merits 
attention in any theorisings upon the constitution of the Sun: 
I allude to the frequently remarkable persistency of some of 
the smaller and more isolated spots, whether situated either 
more remote from or nearer to the Sun’s equator. Whilst 
the contour and the details of the larger groups may be seen 
frequently to undergo a complete transformation during their 
passage across the disk, so that hundreds of millions of square 
miles of spots and penumbral matter are either entirely dis¬ 
posed of or so changed and re-arranged that it becomes impos¬ 
sible to recognise them under their new forms, it often happens,’ 
in the case of some of the smaller isolated spots, that one of pot 
more, perhaps, than 5" or 6" in diameter (which small quantity, 
however, on the solar surface would imply a superficial area 
of from five to seven million square miles*) will be seen to 
maintain a nearly unaltered appearance for several consecutive 
days. 

I have on previous occasions given in my humble adherence 
to the theory that the Solar Spots are cavities in the surface of 
our luminary, the nuclei being the most deeply sunk portions, 
the penumbra commonly shelving do\^n to them on all sides 
from the external photosphere; though at the same time I had 
generally found that the penumbrae possessed only an exceed¬ 
ingly slight amount of depression within the solar surface. 
Yery palpable evidence of this latter fact was afforded, as it 
seemed to me, by the fine group sr of the 18th Feb. 1865, 
already mentioned (sheet 99). The group in question consisted 
of two somewhat contiguous large spots, accompanied, as it 
afterwards proved, by many faculse and numerous smaller 
spots, and detached patches of penumbra. But so broadly 
conspicuous (as seen projected on the screen) were the nuclei 
of both the contiguous large spots, and so completely devoid 
was the most westerly nucleus of any measure of penumbra on 
its eastern (following) edge, that I not only was more strongly 
convinced than ever of the extreme shallowness of the penum¬ 
bral depressions, but I even for a while wondered whether, 
after all, they and the nuclei could be depressions at all! 

The two nuclei were distant, respectively, about 15" and 
30" from the Sun’s limb at the moment when I experienced 
these doubts; but when the group was well advanced upon the 
disk (as it was by Feb. 21, when I next observed it), it was 
evident that I could not have seen any penumbra upon the 
eastern side of the great westerly nucleus, for the simple 
reason that it proved to be devoid of any in that direction ; 

1 

* 1 " subtends 450 miles. Therefore, 

(5 * 45°) 2 = 5»°73»75° square miles 
and, (6 x 450) 2 = 7,^90,000 ,, „ 
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whilst conversely the easterly large spot proved to have but 
comparatively little penumbra upon its western (preceding) 
side, and what little it had would doubtless have been still 
further diminished to sight on the 18th by the effect of fore¬ 
shortening, afc first described by Dr. Wilson. It was on this 
same day (Feb. 18th, 1863) that I observed, for the second 
time only within my experience, that the penumbral matter in 
straggling connexion with the most easterly spot of group 
sr extended absolutely to the Sun’s edge, and surrounded, 
evidently, the northern extremity of a conspicuous mass of 
faculse which extended along the limb of the Sun; many other 
facular streaks also occurring in the neighbourhood of the 
spots, and extending uninterruptedly to the great group lettered 
£, which lay about 2' 2 5" to the north. 

A group possessing many features in common with the 
one just described as group v came upon the disk on the 
morning of April 12th, 1863, and in neither of the two prin¬ 
cipal spots was I able to trace much appearance of pe¬ 
numbra on the eastern side of their respective nuclei; but 
the details of the group had suffered such extensive changes 
by April 15th that the appearances they exhibited, when well 
on the disk at the latter date, could by no means be appealed 
to for evidence as to what might have been the disposition of 
the various nuclei and penumbras on the 12th of the same 
month. I had observed these changes going on during the 
interim, but was unable to secure drawings of them. I par¬ 
ticularly noticed, however, that the most westerly spot, lettered 
n 5, had shrunk to about one-fourth of the magnitude it had 
possessed on entering the disk. 

Since the Meeting in May last I have observed and drawn 
an unusually interesting group, as shown in sheet 115, under 
date May nth, 1863, and letter | of my record. Both the 
principal spot, as well as from twenty to thirty much smaller 
subordinate ones, appeared to be obeying some strongly 
vorticose impulse during this period of their development. 
Starting either from a small group of faint penumbral patches 
situated about 45" to the east, or more probably, as I thought, 
from a more considerable spot about 18" in length, lying 1 2" or 
so to the north-east of the principal spot, they had formed 
around this latter for fully half the circumference of a circle, 
adopting a curious, bifurcating, diverging course, bearing no 
inconsiderable resemblance to the spiral structure of some of 
the great nebulous clusters of stars, as revealed in Lord Bosse’s 
gigantic reflecting telescope. 

I did not see the group | again until the morning of 
May 13th, when its whole appearance was as mueh changed as 
could well be conceived. The small detached eastern group 
above alluded to had developed into a large elongated trifid 
connected spot, fully 1/ 17" in length from north-west to south- 
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east, and containing three or four easily - discerned nuclei; 
whilst the other series of small spots (which had presented, 
two days previously, that peculiar spiral arrangement) were 
replaced also by a large, very irregular confluent group, about 
? 30" in length, likewise extending from north-west to south¬ 
east, and comprising six or eight small nuclei, which were 
represented by three very much larger ones on the day follow¬ 
ing (May 14th), when I last observed them. 

Moreover, on May 13th, a line of faint and somewhat 
remotely separated penumbral specks swept through the 
midst of group \ in a delicate sigmatoid curve (very similar 
in its character to the sigmatoid curve observed by me on 
April 30, 1862), which appeared to indicate the existence of 
some common and extensive influence then at work throughout 
the whole system of the aggregate group, and which curve 
may also be seen to bifurcate at a point not far from equi¬ 
distant between the principal spot and the north-west 
extremity of the trifid easterly group. 

It is also, perhaps, worthy of note that, whilst from these 
and some other of my drawings it is apparent that the nuclei 
sometimes preceded the formation of their penumbrse, at other 
times the reverse was the ease; for I presume that the illus¬ 
trious Kirchhotf would by no< means wish to assert that the 
former case always holds good, as one might almost seem 
to gather from a passage (p. 27) of Prof. Poscoe’s translation 
of KirchhoAPs Researches on the Solar Spectrum and the 
Spectra of the Chemical Elements . 

I have only one more subject to mention, and that is, that I 
hope some one else besides myself took notice of and depicted, 
or, better still, secured a photograph of, a most curious phan¬ 
tom-looking group of spots which, at 1 p.m. on the 4th January 
of this present year, exhibited an appearance so wonderfully like 
a human skeleton, that, in a less superstitious age than the 
nineteenth century, its portentous shape might easily have 
raised considerable apprehension in the minds of the mul¬ 
titude; 

Being Sunday when this was observed, and being much 
occupied with the more immediate duties of my profession, 
I did not draw the group with mierometric correctness, but 
simply took a rough sketch of the phantom, which subtended 
about 5'40" of arc, or 153,000 miles, and respecting which 
(as I observed lately to Admiral Manners) I am really not 
aware that any love for the marvellous induced me to exag¬ 
gerate in any degree the singularity of its proportions. 

Sheet 96 exhibits this group as it appeared, when much 
altered, on Jan. 7th. 
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